Introduction
Industrialized countries are facing increasing prevalence of poor health due, inter alia, to mental stress, sedentary lifestyles and social inequalities (Imes & Burke 2014; Velarde et al. 2007 ). Natural and seminatural landscapes are increasingly seen as restorative settings, potentially compensating for negative psycho-physiological effects on humans (Hartig & Staats 2006; Van den Berg et al. 2010; Tyrväinen et al. 2014) . The extent of these positive effects, however, may depend on the land-use intensity and degrees of naturalness and biodiversity.
Mountain meadows are an important agricultural land-use system in the Alps and can harbour high biodiversity (Boschi & Baur 2008; Tocco et al. 2013) . However, changes in agricultural practices and policies, and low farm income have resulted in the abandonment of traditionally managed mountain meadows globally and across the Alps Hersperger & Bürgi 2010; Arnberger & Eder 2011; Rom et al. 2013) . The question arises of whether mountain meadows can provide health benefits to humans, and whether there are differences in restorative effects between managed or unmanaged meadows. If specific types of meadows are effective in providing restorative effects, then these benefits can be used for the development of healthrelated commercial offers, thereby fostering the preservation of such landscape elements (Eder et al. 2015 ). Yet, the role of mountain landscapes for human health and the linkages between landscape beauty, actual and perceived naturalness and biodiversity, and self-reported health benefits have not so far been investigated.
Landscape-based human health effects
Two principal theories are used to explain landscape-based human health effects: the Attention Restoration Theory (Kaplan & Kaplan 1989 ) and the Stress Reduction Theory (Ulrich et al. 1991) . Restoring people's attentional capacity is one of the positive effects nature has on humans (Kaplan & Kaplan 1989) . Attention Restoration Theory asserts that people can concentrate better after a stay in nature compared to a stay in the built environment (Hartig et al. 1997; Kaplan & Kaplan 1989) . Settings that favour recovery from directed attention fatigue -restorative environments -feature four qualities: being away, extent / coherence, fascination and compatibility. Being away refers to one's ability to escape from everyday routines. Fascination indicates that people's attention is drawn to many interesting things and that they would like to get to know the landscape better. Extent refers to the extent to which environments are rich and coherent, such that they engage the mind and promote exploration. Extent / coherence describes the feeling of entering a new world, which is not chaotic and confusing. Environments that are compatible with visitors' needs and purposes support their intended activities (Hartig et al. 1997; Herzog et al. 2003; Kaplan & Kaplan 1989) .
The Stress Reduction Theory assumes that a visit to a natural environment can assist in recovering from stress (Ulrich et al. 1991) . Even a green view from a window can contribute to recovering from surgery (Ulrich 1984). Research findings confirmed that exposure to natural urban settings, such as parks, can lead to positive changes in mood, stress reduction, lower heart rates, and increased attention, compared to built urban environments (Hartig et al. 2003; Ulrich et al. 1991; Van den Berg et al. 2003) .
Linkages between human health and landscape quality indicators Linkages between human health and (perceived) naturalness
Although there is a substantial amount of evidence for the restorative potential of natural areas in general, little is known about the effects of specific landscape types and of the degree of naturalness on human health and well-being (Marselle et al. 2015; Velarde et al. 2007) . Martens et al. (2011) investigated the effect on self-rated well-being of a walk through managed and less-managed forest conditions in a Swiss urban forest. Results showed that well-being increased more in the managed forest stand than in the more natural forest. On the other hand, Carrus et al. (2013) found that the well-being of visitors to urban green spaces in Italy increased significantly as a function of the level of naturalness of the study sites. Hansmann et al. (2007) and Tyrväinen et al. (2014) found only limited evidence that forests have a more positive influence on human health compared to designed city parks. Marselle et al. (2015) even found no relationships between perceived naturalness and post-walk emotional well-being.
Linkages between human health and (perceived) biodiversity
Biodiversity is a key underlying condition for delivering ecosystem services (Millennium Ecosystem Assessment 2003) , but little is known about the linkages between the actual or perceived biodiversity of a certain landscape and its effects on human health and well-being (Keniger et al. 2013; Lovell et al. 2014) . The relationship between well-being and actual biodiversity (plant, butterfly and bird species richness) has been shown to be positive (Fuller et al. 2007) or inconsistent (Dallimer et al. 2012) . In their study in Taiwan ures of physiological health. In contrast, well-being was positively related to participants' perceived species richness (Carrus et al. 2015; Dallimer et al. 2012 ). However, Marselle et al. (2015) found that a perceived high level of bird biodiversity correlated to a postwalk negative affect. Johansson et al. (2014) presented images to analyse emotional and physiological responses to different states of biodiversity in temperate deciduous broad-leaf peri-urban forests in Sweden. Although participants had fairly accurate perceptions of biodiversity levels, they preferred an intermediate degree of biodiversity and showed higher brain activity in contexts of low biodiversity.
A more recent systematic review of the health and well-being benefits of biodiverse environments (Lovell et al. 2014) analysed 17 papers and found very limited evidence to suggest that biodiverse natural environments promote better health through exposure to pleasant environments or the encouragement of health-promoting behaviours. The authors also found evidence of inverse relationships and concluded that the evidence is inconclusive and fails to identify a specific role for biodiversity in the promotion of better health.
Linkages between human health and landscape preferences / scenic beauty Several studies have investigated relationships between health benefits and preferences for a landscape type (Herzog et al. 2003; Van den Berg et al. 2003) , and found that participants preferred natural environments to urban ones. Furthermore, few studies have correlated scenic beauty with health benefits. In his study among undergraduate students using landscape images as stimuli, Han (2010) found a strong, positive relationship between scenic beauty and restoration.
To summarize, these studies do not provide a clear pattern regarding the effects of different natural environments on human health and well-being. Specifically, they could not detect any clear relationship between levels of naturalness, or perceived or measured biodiversity, and health benefits. In addition, these studies are difficult to compare due to their different methodological approaches, participant characteristics and study sites. Most of the few studies on relationships between biodiversity and human health and well-being were carried out in an urban context, often relying on independent samples of participants (Carrus et al. 2015; Dallimer et al. 2012; Fuller et al. 2007 ). Lovell et al. (2014) and Carrus et al. (2015) called for more research to produce a more robust evidence base for the relationship between biodiversity and human health.
Research questions
This experimental field study investigated shortterm psychological health effects of a stay by adult participants in a managed and an unmanaged mountain meadow in the Austrian Großes Walsertal UNESCO Biosphere Reserve (BR). The aim was to combine perceived health benefits with perceptions of naturalness, biodiversity, scenic beauty and restorativeness. The following research questions guided the study: -Do participants' perceptions of landscape quality indicators (i. e., naturalness, biodiversity, scenic beauty and restorative quality) differ between a managed and an unmanaged meadow? -Do participants assign the meadow types different effects on attention restoration, stress relief and well-being? -Are there any linkages between self-reported health benefits and landscape quality indicators?
Methodology

Study area
The Großes Walsertal UNESCO BR in western Austria was chosen as a study site because its exten- A sample of 22 healthy participants, balanced in gender (12 females, 10 males) and of a fairly homogeneous age (age M = 27, ranging from 22 to 36 years; non-smokers) was used for the measurement of shortterm health-related effects. Participants were recruited on a voluntary basis and received some small remuneration for their efforts. National ethical requirements were fulfilled and participants gave informed written consent. The sample consisted of working people and students from various universities. For the chosen research design and sample size (22 subjects), we anticipated that the test strength and the expected power would be adequate (Lee et al. 2009 ). Participants were not informed in advance about the research hypotheses of the study.
Survey instruments
Standardized and evaluated instruments used in environmental psychology, restoration and recreation research were adapted to measure the health effects of the meadows. The psychological health benefits (i. e. attention restoration, stress relief and well-being) were each assessed using single-item 5-point answer scales. Participants were asked whether they perceived that a stay in the meadow had restored their attention (1 = very well, 5 = not at all), reduced their stress level (1 = very well, 5 = not at all), and changed their psychological well-being (1 = improved, 3 = unchanged, 5 = declined).
Landscape quality indicators addressed perceptions of naturalness, biodiversity and the scenic beauty of the surrounding landscape and of the meadows themselves using 5-point answer scales. The Perceived Restorativeness Scale (PRS; Hartig et al. 1997 ) was used to measure the perceived restorative quality of the meadows. The PRS consists of 16 items and measures four qualities of a restorative environment: being away, fascination, coherence and compatibility. These items were rated on a scale from 1 (I totally agree) to 7 (I totally disagree). A tested German translation of the PRS was used and adapted slightly to the context of the study. This scale has frequently been used and allows comparisons with other studies in urban areas (Eder et al. 2016; Hartig et al. 1997; Hernández & Hidalgo 2005) and mountainous contexts (Wöran & Arnberger 2012 ).
Data collection
The participants visited each meadow in a standardized manner (Tyrväinen et al. 2014 ) on two consecutive days with very similar weather conditions (i. e. each meadow was visited twice) in August 2015. Two separate visits per meadow were made in order to obtain more robust results. Participants started with the abandoned meadow in the morning of the first day, and visited the managed one in the afternoon. On day two, they first visited the managed meadow and then the abandoned one. The approximate duration of a sively managed meadows are home to a rich biodiversity (UMG s.a.) (Figures 1 and 2 ). In consultation with local land owners and BR managers, two meadows (one extensively managed, the other unmanaged for more than 10 years) were selected according to a previously developed list of criteria for potential study sites within the BR. The selection criteria considered similar access times, similar size and slope of meadow, and similar environments in order to control the influence of the surrounding scenery. After access permission was obtained from land owners, potential study sites were inspected on several days between April and June 2015. Those sites which fulfilled the criteria best were used for the measurements, and two neighbouring meadows were selected which were separated by a broader strip of trees (Figures 3 and 4) . single experiment (journey times to and from a site, plus observation time and completion of the survey) was about two hours.
Each survey day started at the same time in the morning. Participants arrived at the study site by bus, after a journey time of about 30 minutes. On arriving at the meadow, they then sat and observed the scenery on-site for 25 minutes, after which they filled in several survey forms, dealing with perceived restorativeness (PRS, Hartig et al. 1997) , and perceptions of naturalness, biodiversity and aesthetics. Participants then went back to the bus, returning to their accommodation. In the afternoon, the same procedure was followed at the other site.
Analyses
We used ANOVAs with repeated measures to analyse differences in perceived naturalness, biodiversity, scenic beauty and restorativeness (PRS) between the four meadow visits. ANOVAs with repeated measures are susceptible to the violation of the assumption of sphericity. We therefore used Mauchly's tests of sphericity, testing whether the variances of the differences were equal. If violations of sphericity did occur, we used the Greenhouse-Geisser correction factor to produce a more valid F-value, as suggested by Rasch et al. (2010) . Bonferroni post-hoc tests were used to identify differences between the visits; Cronbach's alpha assessed internal consistency of the four dimensions of the PRS for each separate meadow visit. All PRS dimensions had a high internal consistency statistic (a > .70) across all meadow visits, except for one coherence dimension. Pearson correlations were used to analyse relationships between self-reported health benefits, PRS dimensions, and perceptions of naturalness, biodiversity and scenic beauty.
Results
Perceived landscape quality indicators
Participants perceived the meadows as natural, with high biodiversity, and as beautiful, in particular the scenery of the surrounding landscape (Table 1) . While participants perceived the abandoned meadow as more natural and higher in biodiversity than the managed one, no differences were found for scenic beauty of the meadows and the surrounding landscape.
Participants perceived the meadows as restorative places and assigned both meadow types the four qualities of a restorative environment (Table 2 ). However, 
Relationships between perceived landscape quality indicators and health benefits
The number of significant correlations differed between the first and second visits to the abandoned site, while for the managed one the number of correlations was the same (Table 4) . While for the first visit to the abandoned meadow only two significant correlations were found, nine rather strong correlations for the second visit were reported. Correlations between the items show that perceptions of biodiversity did not correlate with naturalness, scenic beauty or the perceived health effects, irrespective of the meadow type. Perceived scenic beauty and naturalness correlated positively only for the second day. At all sites, many positive and mainly strong correlations between the health items were found, except for the first visit to the abandoned meadow for attention restoration and well-being. Similarly, many positive correlations between scenic beauty and health items were found, except for the first site visit on day one. Correlations between naturalness and health benefits were only found for the second visit of the abandoned meadow.
In order to analyse the relationships between PRS dimensions, landscape quality indicators and health benefits, both visits per meadow type were aggregated. Few significant correlations emerged between the four PRS dimensions and self-reported health benefits and landscape quality indicators (Table 5 ). The more compatible participants perceived the abandoned meadow, the more they perceived the meadow as beautiful and natural. The more restorative the managed meadow was perceived (except for coherence), the more participants reported reductions in their stress level.
Discussion
This field experiment used a dependent sample of adult participants and compared their perceptions of health benefits and landscape quality indicators (naturalness, biodiversity, scenic beauty and restorativeness) in a managed and an unmanaged mountain meadow. Both meadows are in an area of remote alpine scenery, without traffic noise or tourism facilities, and with very low visitor levels. The study found differences between the meadow types but also commonalities in perceptions for health benefits and landscape quality indicators. Overall, respondents perceived both meadows as beautiful and as restorative, providing health benefits to them.
Differences and commonalities between meadow types
We found that perceived health benefits (i. e., attention restoration, stress reduction and well-being) were the same for the managed and the unmanaged meadows; the perceived benefits were fairly strong compared to an urban study among adolescents (Eder et al. 2016 ). So far, little research has analysed whether health benefits differ according to the type of natural different results were obtained regarding the four PRS qualities. No differences were observed for being away and compatibility items, while most items of fascination and coherence differed. Participants perceived the abandoned meadow as more fascinating. It offered them a lot more to explore and discover; they wanted to get to know the meadow better. But participants also perceived the abandoned meadow as more chaotic and confusing than the managed one, with a higher level of distraction. Differences between the morning and afternoon visits to the same meadow were marginal.
Perceived health effects
Participants reported a positive effect of their stays in the meadows on attention restoration, stress reduction and well-being. No differences between the meadows were found for perceived effects on attention restoration, stress relief and well-being (Table 3) . mountain environment; earlier on-site studies comparing natural and semi-natural sites did not provide a clear picture of perceived or observed health effects depending on the degree of naturalness (Carrus et al. 2013; Dallimer et al. 2012; Hansmann et al. 2007; Marselle et al. 2015; Martens et al. 2011; Tyrväinen et al. 2014; Velarde et al. 2007 ). Our results are in line with those studies which have not found empirical evidence of different health effects depending on the degree of naturalness. It seems that measuring differences in (perceived) health benefits of direct exposure to different natural and semi-natural places is difficult, which supports the need expressed by many authors for more comparative studies (Carrus et al. 2013; Hernandez & Hidalgo 2005; Marselle et al. 2015; Verlarde et al. 2007) .
Previous research found positive, negative or no relationships between actual or perceived biodiversity and psychological and physiological health measures (Carrus et al. 2015; Chang et al. 2016; Dallimer et al. 2012; Fuller et al. 2007; Johannsson et al. 2014; Lovell et al. 2014; Marselle et al. 2015) . Although participants of this study reported differences in perceived biodiversity, they assigned both meadows the same health benefits. This study suggests that self-reported health benefits are independent of perceived naturalness and biodiversity. Participants perceived the abandoned meadow as having greater biodiversity than the managed one. Whether this is correct is difficult to confirm, but research on flora and fauna biodiversity in Alpine mountain meadows has often observed higher plant biodiversity in extensively managed meadows (Boschi & Baur 2008; Tocco et al. 2013; Tasser & Tappeiner 2002) , even for that part of the BR (Walcher et al. 2017) , while results for fauna biodiversity varied between meadow types (Ranta & Vepsäläinen 1981) . In addition, the managed meadow of this study had recently been cut and flowering plants were very rare, making it difficult for participants to recognize the plant biodiversity. Compared to studies assessing the restorative potential of urban or suburban sites (Eder et al. 2016; Hartig et al. 1997; Hernández & Hidalgo 2005) , we found higher positive evaluations for all four PRS dimensions. Compared to another Austrian project on mountain hikers (Wöran & Arnberger 2012) , participants of the Walsertal study rated the PRS dimensions higher, except for compatibility. Participants clearly perceived the two meadows as very restorative places which provide many health benefits. It can be assumed that the location, remote from any urban setting, and the high scenic quality of the surrounding landscape contributed to their positive evaluation. However, the meadows seemed to be less compatible with participants' goals compared to hikers ' (Wöran & Arnberger 2012) . While hikers come to the mountains to pursue their preferred leisure activities, the participants in our study could not select the study sites or their activities, potentially resulting in lower scores for the compatibility dimension. Participants assigned the abandoned meadow the same health benefits, although they perceived it as more chaotic. At the same time, they also perceived it as more fascinating. One explanation might be that a fascinating landscape compensates for chaotic and unorganized conditions. However, we could not find a significant correlation between these two PRS dimensions.
Relationships between landscape quality indicators and health benefits Participants' self-reported effects on attention restoration, stress reduction and well-being were highly correlated. The more participants were convinced that there was a positive health effect, the more additional health benefits were assumed. Thus, they perceived both meadows as multifunctional, affecting them positively on many health-related levels. Eder et al. (2016) observed similar correlations between these health benefits, but found that forests have a higher capacity for attention restoration than for stress reduction.
Perceived increased health benefits showed correlations with higher scenic quality, confirming the results of Han (2010) . People perceive beautiful landscapes as being more beneficial for health. However, few significant correlations between health benefits and Carrus et al. 2015) , or between restorativeness and flow perceptions when hiking (Wöran & Arnberger 2012) . Observed relationships in this study, however, were scarce and differ between the meadow types. The more restorative the managed meadow was perceived as being, the more participants reported reductions in stress levels. While this relationship is in line with previous research, the question arises as to why there is no relationship between PRS and attention restoration and well-being, and why there is no association between PRS and self-reported health benefits for the abandoned site. One explanation might lie in the perceptions of the sites as very restorative and healthy, resulting in very few variations in participants' responses. The small sample size might be another explanation.
While several studies have found a positive relationship between duration and / or frequency of exposure and health benefits (Barton & Pretty 2014) , with exceptions (Marselle et al. 2015) , this study did not find differences in health benefits between the first day and the second. One explanation might be that, because of the study design, our participants were not attentionally exhausted and stressed when they arrived at the BR. However, on the second day, an increase was observed in correlations between perceptions of naturalness and health benefits for the abandoned site. The repeat exposure might have led to more distinct perceptions of the abandoned site. Future studies could test whether there is a significant change or even decrease in perceptions of health effects of mountain meadows due to repeated exposure.
Conclusions
Although research has shown that natural environments achieve greater improvement of the psychological and physiological state of humans than built environments (e. g., Ulrich et al. 1991; Hartig & Staats 2006; Van den Berg et al. 2003; 2010; Tyrväinen et al. 2014) , little is known about the health benefits of natural and semi-natural mountain landscape types. In addition, few studies have tested the relationships between human health and well-being on the one hand and, on the other, natural environments with varying levels of land use and perceptions of biodiversity and scenic beauty.
This study found that both meadow types are seen as very restorative places which provide many health benefits. Thus, extensively managed and abandoned meadows seem to have a potential for health. European mountain BRs typically include cultivated and natural landscapes, including extensively managed and unmanaged meadows. If future studies can provide empirical evidence of health benefits for both mountain meadow types, then such benefits can be used for health-related offers for tourists (Eder et al. 2015) . In addition, their potential health effects should be considered in protected area management (e. g. in BRs), in political decision making, and in the design of agroenvironmental, public health and nature conservation policies and measures.
To our knowledge, this is the first study systematically to investigate perceived health effects of mountain meadows with different levels of naturalness. Additional studies comparing meadows with other alpine land-use types such as forests and pastures are necessary to gain a deeper understanding of the health effects of alpine landscapes. Additional studies may also assess physical health parameters such as cortisol levels (Lee et al. 2009 ), heart rate (Frohmann et al. 2010) or brain activity (Johansson et al. 2014) .
